BACKGROUND-Resilience has been shown to protect against the development of posttraumatic stress disorder (PTSD) in the aftermath of trauma. However, it remains unclear how coping strategies influence resilience and PTSD development in the acute aftermath of trauma. The current prospective, longitudinal study investigated the relationship between resilience, coping strategies, and the development of chronic PTSD symptoms.
CONCLUSIONS-These data suggest that resilience and social withdrawal may be possible therapeutic targets for mitigating the development of chronic PTSD in the aftermath of trauma.
Keywords
resilience; CD-RISC; PTSD; coping strategies; social withdrawal Resilience is the capacity to thrive in the face of adversity. There is no universally accepted definition of resilience, and resilience is conceptualized in different ways: as a trait in which one experiences mild, short-lived distress following trauma (Bonanno, 2004) ; as good outcomes and competency following adverse events (Masten, 2001) ; or as a process that involves positive adaptation to adversity (Luthar, Cicchetti, & Becker, 2000; Meredith, Sherbourne, & Gaillot, 2011) . A limitation of the first definition is that it frames resilience as a static trait, which does not allow for an individual's resilience to grow after facing adversity or to collapse when confronting chronic stress (Meredith et al., 2011) . Interpreting resilience as adaptive functioning or competency based on observable behavioral indicators can also be problematic because of the arbitrary categorization of individuals as high or low functioning (Wald, Taylor, Asmundson, Jang, & Stapleton, 2006) . In contrast, conceptualizing resilience as the capacity to recover from adverse events and as a dynamic process allows for it to vary with personal characteristics (e.g., age, sex, culture), as well as an individual's past life experiences and current life circumstances (Connor & Davidson, 2003) . Resilience as a dynamic process is malleable over time, in which one can adapt and experience stressful situations (Meredith et al., 2011) . This definition of resilience was adopted for the current paper, as it permits one to measure an individual's resilient characteristics across time and predict their response to adversity and trauma.
High levels of resilience are a key protective factor against adverse outcomes, such as posttraumatic stress disorder (PTSD). Numerous cross-sectional studies have shown that resilient individuals are less likely to develop PTSD symptoms following a traumatic event (Lee, Ahn, Jeong, Chae, & Choi, 2014; Tugade & Fredrickson, 2004; Wrenn et al., 2011) . However, longitudinal designs offer advantages in examining the role of resilience as a predictor in the development of PTSD symptoms after trauma exposure. One of the few prior studies to prospectively measure resilience and PTSD found that lower resilience measured at either 1-2 weeks or 5-6 weeks post-trauma predicted increased PTSD symptom severity at 5-6 weeks and 3-months post-trauma (Daniels et al., 2012) . Contrary to these results, low resilience was not predictive of increased PTSD at 3-months post-trauma in another study (Powers et al., 2014) . The equivocal nature of these findings could be due to the two studies measuring resilience at different time points, using different measures to diagnose PTSD (structured clinical interview that assessed symptom frequency and intensity versus four-item PTSD screen that categorized patients as either symptomatic or asymptomatic), and the different participant characteristics, as the Daniels et. al. subjects were younger, more likely to be female, and more likely experienced a motor vehicle collision. These divergent findings indicate that more prospective, longitudinal studies of resilience are necessary to understand the capacity of resilience as a predictor of future PTSD symptoms in the aftermath of trauma.
Resilience has been associated with other protective factors, particularly coping skills, in the context of adverse events (Reich, Zautra, & Hall, 2010) . Coping is defined as an individual's use of behavioral and cognitive strategies to modify adverse aspects of their environment, as well as minimize or escape internal threats induced by stress or trauma (Gil, 2005; Weinberg, Gil, & Gilbar, 2014) . Coping can be categorized into active and avoidant strategies. Active coping reflects attempts to change perceptions of the stressor or qualities of the stressor (e.g., problem solving and cognitive restructuring). In contrast, avoidant coping involves actions and thought processes used to escape direct confrontation with the stressor (e.g., wishful thinking and social withdrawal) (Wu et al., 2013) . Resilient individuals have been found to employ greater amounts of active coping (Feder, Nestler, & Charney, 2009; Li & Nishikawa, 2012) and social support-seeking behaviors (Wu et al., 2013) . Despite being closely related and used interchangeably, there is growing consensus that resilience and coping are conceptually distinct constructs (Campbell-Sills, Cohan, & Stein, 2006; Major, Richards, Cooper, Cozzarelli, & Zubek, 1998) , such that "resilience influences how an event is appraised, whereas coping refers to the strategies employed following the appraisal of a stressful encounter" (Fletcher & Sarkar, 2013) . Furthermore, resilience is a set of protective factors (e.g. close relationships with family and community, optimistic outlook, embracing challenges) that allows an individual to have a positive response to adverse events, while coping strategies may yield either positive or negative results (Connor & Davidson, 2003; Meredith et al., 2011) . For the current study, we focused on coping strategies rather than coping styles given the evidence that coping strategies mediate the relationship between resilience and outcomes (Major et al., 1998) , in contrast to coping styles which may function instead "as a resilient protective factor that moderate components of the stress process" (Campbell-Sills et al., 2006) .
Coping strategies influence PTSD development. Avoidant coping is linked to increased PTSD symptom development following trauma (Gil, 2005; Hooberman, Rosenfeld, Rasmussen, & Keller, 2010) , possibly "because denying the severity of a problem and trying not to think about it may lead to more recurrent and intrusive recollections of the trauma" (Tiet et al., 2006) . The relationship between active coping strategies and PTSD has been equivocal (Alim et al., 2008; Gil, 2005; Najdowski & Ullman, 2009; Wright, Crawford, & Sebastian, 2007) . Given the strong relationship between resilience and coping, resilience may influence coping strategy selection, which may in turn impact the development of PTSD symptoms. To our knowledge, no one has investigated whether coping strategies mediate the relationship between resilience and PTSD symptom development in a longitudinal, prospective study. Thus, we investigated the role of resilience and coping strategies measured 1-month post-trauma and 3-months post-trauma, respectively, in the development of PTSD symptoms 6-months post-trauma. We measured resilience, coping, and PTSD symptoms at separate time points in order to establish temporal precedence for a prospective mediation model (Cole & Maxwell, 2003) . We hypothesized that individuals with high levels of resilience at 1-month posttrauma would be more likely to use active coping strategies, less likely to employ avoidant coping strategies, and less likely to develop PTSD symptoms at 6-months following trauma exposure. We also hypothesized that 3month coping strategies would mediate the relationship between resilience at 1-month posttrauma and PTSD severity at 6-months post-trauma.
Methods

Procedures
Participants were recruited in the Emergency Department of an inner city level-1 trauma center (offering comprehensive service to patients) and provided informed consent. Patients were included in the study if they were between the ages of 18 and 65, were Englishspeaking, were alert and oriented, and endorsed criterion A trauma (experienced, witnessed, or were confronted with an event that involved actual or threatened death or serious injury, or a threat to the physical integrity of the patient or others) consistent with the Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric & American Psychiatric, 2000) . Exclusion criteria included recent or current suicidality, active psychosis, or significant substance use during screening (determined by a positive toxicology report found in electronic medical chart). An initial assessment was completed at the Emergency Department within a few hours of the trauma. Follow-up assessments of measures (described below) were completed in person at 1-month, 3-months, and 6-months post-trauma. Assessors trained by clinical psychologists to administer measures outlined below completed all study assessments. Inter-rater reliability was 97%. All study procedures were reviewed and approved by the Emory Institutional Review Board and the Grady Hospital Research Oversight Committee.
Measures
The Standardized Trauma Interview was administered at baseline in the Emergency Department to gather information about demographic variables and characteristics of the index trauma, such as the extent of injuries sustained, subjective experience of hopelessness and helplessness during the traumatic event, and patient-rated severity of trauma with a scale of 1 (not life-threatening) to 5 (near-death experience) (Rothbaum, Foa, Riggs, Murdock, & Walsh, 1992) . The STI is a semi-structured interview modified from the Standardized Assault Interview (SAI; Rothbaum et al., 1992) that has been used previously (Rothbaum et al., 2006) .
Resilience was measured at 1-month post-trauma with the Connor-Davidson Resilience Scale (CD-RISC; Connor & Davidson, 2003) . The CD-RISC is a 25-item scale that assesses one's ability to cope with adversity and stress during the past month (e.g. able to adapt to change, have close and secure relationships, belief one can deal with whatever comes and having control of one's life). Items are rated on a 5-point Likert scale ranging from not true at all to true nearly all the time. CD-RISC scores can change with time, clinical improvement, and treatment, and the scale has adequate internal consistency, test-retest reliability, and convergent and divergent validity (Connor & Davidson, 2003) . Total CD-RISC scores representative of resilience were utilized for this study (Cronbach's α = .90).
Coping strategies were assessed at 3-months post-trauma using the Coping Strategies Inventory (CSI; Tobin, Holroyd, Reynolds, & Wigal, 1989) , which has strong psychometric properties (Cook & Heppner, 1997; Tobin, Holroyd, Reynolds, & Wigal, 1989) . The CSI is a 72-item self-report measure that assesses coping thoughts and behaviors tied to a specific event (in this case, the occurrence of a Criterion A trauma for which individuals where Thompson PTSD symptoms were assessed at 6-months post-trauma with the PTSD Symptom Scale (Edna B Foa, Riggs, Dancu, & Rothbaum, 1993) . The PSS is a semi-structured interview consisting of 17 items that measures the presence and severity of DSM-IV PTSD symptoms. Symptoms were assessed in relation to the past month, with ratings reflecting a combination of frequency and severity, ranging from 0 (not at all) to 3 (5 or more times per week/very much). The PSS has excellent psychometric properties with moderate to high agreement with the DSM -IV Clinician-Administered PTSD Scale as well as the Structured Clinical Interview for DSM-IV Axis I Disorders (Cronbach's α = .91).
Past traumatization, childhood trauma in particular, is an important predictor of PTSD symptoms following trauma (Brewin, Andrews, & Valentine, 2000; Ozer, Best, Lipsey, & Weiss, 2003) . Thus, we assessed for childhood trauma in the Emergency Department using the Childhood Trauma Questionnaire (Bernstein, 1995) . The CTQ is a 28-item self-report measure that quantifies the amount and types of childhood trauma (physical, sexual, emotional abuse and neglect) experienced and has been shown have adequate internal consistency and test-retest reliability (Bernstein et al., 1994) .
Statistical Analyses
Data were analyzed using SPSS (v.20) and alpha level was set at p < .05. The clinical and demographic characteristics of participants and differences between dropouts and non dropouts were assessed using descriptive statistics, chi-square, and t-tests. The relationship of demographic and clinical variables with resilience and PTSD symptoms were determined with ANOVAs and bivariate correlations. Associations between the seven demographic and clinical variables with both resilience and PTSD symptoms were considered significant at a p ≤ .007 after Bonferonni correcting to account for multiple testing. The associations between resilience, coping strategies, and future PTSD symptoms were examined with bivariate correlation analyses. These variables were measured at 1-month, 3-month, or 6month interviews, respectively; thus, participants that dropped out before attending the 6month interview were not included in this test or subsequent analyses. Missing data due to missed appointments at 1-and 3-months were imputed with the Full Information Maximum Likelihood (FIML) analysis (Arbuckle & Wothke, 2004; Wothke, Little, Schnabel, & Baumert) . Effect sizes for all null hypotheses were assessed using Pearson's coefficient and partial-eta squared.
Coping strategies that significantly correlated with both CD-RISC and PSS scores were analyzed individually as mediators in the relationship between resilience and PTSD symptoms. Mediation analyses were performed using the indirect methods of SPSS (Preacher & Hayes, 2008 ) that allows for the examination of mediating effects of a variable while controlling for the effects of other factors in the model. Normality of the variables were checked and mediation analyses were carried out using 5000 bootstrap samples and bias-corrected methods to assess indirect effects of 3-month coping strategies on the total effect of 1-month resilience on PTSD symptoms at 6-months, as this method is preferred for interpreting mediation analyses (Preacher & Hayes, 2008) . The total effect is the effect of the independent variable on the dependent variable in the absence of the mediator, while the direct effect is the effect of the independent variable on the dependent variable when the mediator is accounted for. The indirect effect is the amount of mediation accounted for by the mediating variable. The significance of the mediator (indirect effect) was determined by assessing the 95% confidence interval (CI) related to the sampling distribution of the mean, with confidence intervals that did not include zero considered as being statistically significant. Mediation analyses were repeated for coping strategies found to have significant indirect effects, controlling for demographic and clinical variables that were previously associated with CD-RISC and/or PSS scores (specifically, gender, education, patient-rated severity, interpersonal violence, and childhood trauma). A full mediation was determined when the direct effect of resilience on PTSD symptoms became insignificant in the presence of the mediator.
Results
Participants
Socio-demographic information and clinical variables for adults who participated in the Emergency Department assessment are presented in Table 1 . The following number of persons participated in each assessment: 341 individuals were recruited into the study and underwent an interview in the Emergency Department; 220 attended the 1-month follow-up interview; 195 attended the 3-month follow-up interview; and 164 completed the 6-month follow-up interview. As we included participants who attended their 6-month follow-up interview, 164 participants were included in our analyses. The breakdown for types of trauma were classified as follows: 57.9% motor vehicle crashes; 9.1% pedestrians vs. automobiles; 6.7% non-sexual assaults; 5.5% falls; 4.9% sexual assaults; 3.7% motorcycle accidents; 3.7% industrial/home accidents; 3.0% bike accidents; 2.4% stabbing; and the remaining 3.1% were gun shot wounds, fire/burns, or 'other'. The mean score on the CTQ in the current study (M = 39.36, SD = 17.08) was significantly higher compared to the mean CTQ score previously found in a normative community sample (M = 31.71, SD = 9.13 for men, M = 31.77, SD = 11.20 for women; p < .001) (Scher, Stein, Asmundson, McCreary, & Forde, 2001) . The mean CD-RISC score for this sample at 1-month after FIML analysis was 80.72 (SD = 11.76), which is similar to the mean CD-RISC score of the normative general population sample (Connor & Davidson, 2003) .
No clinical or demographic variables were associated with resilience (Table 1) . Participants with elevated levels of PTSD symptoms at 6 months were more likely to have less education (p = .002), have a higher self-rated trauma severity (p < .001), have more childhood trauma (p < .001), have experienced interpersonal violence in the index trauma (p = .001), and be female (p = .001). Other socio-demographic variables were not significantly associated with
Resilience at 1-month, Coping at 3-months, and PTSD Symptoms at 6-months
The relationships between resilience at 1-month, coping strategies at 3-months, and PTSD symptoms at 6-months are presented in Table 2 . Resilience positively correlated with the coping strategies problem solving (p < .05), cognitive restructuring (p < .05), and social support (p < .01), and negatively associated with the coping strategies wishful thinking (p < . 05), self-criticism (p < .05), and social withdrawal (p < .001), as well as PTSD symptoms (p < .001). Most of the coping strategies positively correlated with other coping strategies (see Table 2 ). Of the eight coping strategies examined, individuals who used problem solving (p < .05), expressing emotions (p < .01), problem avoidance (p < .001), wishful thinking (p < . 001), self-criticism (p < .01), and social withdrawal (p < .001) as coping strategies at 3months had higher PTSD symptoms at 6-months.
Mediation Model-Problem solving, wishful thinking, self-criticism, and social withdrawal were coping strategies at 3-months that related to both resilience at 1 month and PTSD symptoms at 6-months. These variables were examined as mediators in further analyses.
Resilience The bootstrap test indicated that the indirect effect of social withdrawal on PTSD symptoms at 6-months was still significant [CI (−.13, −.02)]. The direct effect of resilience on PTSD was no longer significant (p = .08), indicating that social withdrawal fully mediated the relationship between resilience and PTSD symptoms after controlling for covariates ( Figure  1) .
When examined individually, problem solving, wishful thinking, and selfcriticism at 3 months were not significant mediators between resilience at 1 month and PTSD symptoms at 6 months after controlling for covariates. The bootstrap tests indicated the indirect effects of the coping strategies problem solving [CI (.00, .08)]; wishful thinking [CI (−.09, .01)]; and self-criticism [CI (−.10, .00)] on PTSD symptoms were not significant, as the confidence intervals included zero.
Discussion
The present prospective study found that higher resilience at 1-month post-trauma was associated with lower PTSD symptoms 6-months post-trauma, which is consistent with prior prospective findings (Daniels et al., 2012) and retrospective studies (Lee et al., 2014; Tugade & Fredrickson, 2004; Wrenn et al., 2011) . The current study is the first, to our knowledge, to show that early resilience can predict PTSD symptom development as late as 6-months posttrauma. Our results stand in contrast to Powers et al., who found that resilience did not predict PTSD longitudinally (Powers et al., 2014) . Inconsistencies in findings could be due to discrepancies in time points when resilience was measured, differences in whether PTSD symptoms or diagnosis were used as the outcome variable of interest, and dissimilarity in patient samples. Additionally, the current study primarily included African American innercity participants, who often have higher exposure to trauma compared to the general population (Breslau et al., 1998) .
Resilience was predictive of increased social support, an active coping strategy, and inversely related to social withdrawal, an avoidant coping strategy. This finding corroborates past studies that have found robust associations between resilience and social support, as well as social-support seeking behaviors (Feder et al., 2009; Ni, Chow, Jiang, Li, & Pang, 2015; Wu et al., 2013) . There was also a positive relationship between resilience and most other active coping strategies and a negative relationship between resilience and most other avoidant coping strategies, which is consistent with the current study's hypothesis and previous findings (Feder et al., 2009; Wu et al., 2013) . One hypothesis for this relationship is that resilient individuals are more capable of facing their fears, exhibiting low levels of denial, experiencing positive emotions, and exhibiting social competence, all of which allows them to actively cope with stress (Feder et al., 2009 ).
All avoidant coping strategies were positively associated with PTSD symptom development in the current study. Both retrospective and prospective studies have found that avoidant coping increases vulnerability for PTSD (Gil, 2005; Hooberman et al., 2010; Najdowski & Ullman, 2009 ). One hypothesis for this relationship is that individuals who employ avoidant coping strategies following a trauma fail to appropriately process their fear responses, which can lead to the continuation of PTSD symptoms (Edna B. Foa & Riggs, 1995; Tiet et al.) . Additionally, the lack of social support experienced by those who engage in social withdrawal may increase vulnerability to PTSD in the aftermath of trauma, as social support is a protective factor against PTSD (Charuvastra & Cloitre, 2008; Connor & Davidson, 2003; Pietrzak et al., 2010; Pietrzak, Johnson, Goldstein, Malley, & Southwick, 2009 ).
Intriguingly, half of the active coping strategies (problem solving and expressing emotions) were associated with greater PTSD symptom development in the current study, while other active coping strategies had no relationship with PTSD symptoms. These results are not surprising given previous equivocal findings (Alim et al., 2008; Gil, 2005; Najdowski & Ullman, 2009; Wright et al., 2007) . Evidence suggests that within active coping, emotionfocused coping can lead to greater PTSD (Gil, 2005) , which could explain why in the present study expressing emotions was positively associated with PTSD. However, it is surprising that social support, also an emotion-focused coping strategy, did not correlate with PTSD symptom development in this study, as other studies have found strong associations between the two (Brewin et al., 2000; Charuvastra & Cloitre, 2008) . This inconsistency may be due to assessment of the use of social support-seeking strategies in the current study, which differs from other studies that have investigated individuals' perceptions of their social support, rather than their use of coping strategies that promote social support. Future investigation is needed to determine the relationship between active coping strategies, specifically social support, and the development of PTSD symptoms following trauma exposure.
Social withdrawal at 3-months post-trauma fully mediated the relationship between resilience at 1-month and PTSD symptoms at 6-months. This result indicates that individuals with lower resilience use high levels of social withdrawal to cope in the aftermath of trauma, thus increasing their risk for developing PTSD symptoms. These findings have important implications for treatment and prevention of PTSD. Low resilience and avoidant coping may be markers of vulnerability to PTSD, which if assessed post-trauma, could identify individuals most likely to benefit from early interventions that target resilience or social withdrawal. Thus, it may be important to boost resilience in trauma-exposed individuals.
Interventions that target social withdrawal for individuals with depression exist (Erickson & Hellerstein, 2011) and could be adapted for PTSD prevention in ED settings. Indeed, early interventions administered in the ED following trauma attenuate risk for PTSD and could be used in tandem with other methods that bolster resilience in trauma survivors (Macedo et al., 2014; Meredith et al., 2011) . On an individual level, individuals can be taught to increase active problem-focused coping, particularly by engaging in cognitive reappraisal. Cognitive reappraisal is relevant to enhancing positive coping, positive affect, positive thinking, and realism, all individual level factors that have been linked to increased resilience (Meredith et al., 2011) . Behavioral control, yet another individual level factor linked to resilience, can also be strengthened through training and transfer of skills. Stress inoculation training is an example of a training that enhances resilience by combining some of these elements, and does so by focusing on an individual's appraisal of their ability to cope with environmental demands and stressors (Meichenbaum & Deffenbacher, 1988) . Such training focuses on a conceptual and educational phase, and a skill acquisition and rehearsal phase, where coping skills such as problem solving, relaxation training, and cognitive restructuring are taught, followed by a practice phase where practice of coping skills take place in situations that are progressively challenging.
Strengths of the current study include the prospective design that allowed for the assessment of the directionality between variables. Additionally, our assessments of PTSD symptoms were conducted using semi-structured interview methods rather than self-report. The study sample comprised primarily of inner-city African Americans, providing insight into the resilience and coping strategies of an ethnically under-studied population. While this could be considered a limitation, African Americans are more at risk for trauma exposure than the general population (Breslau et al., 1998) , which underscores the importance of studying PTSD in this group. Participant dropout from the time of recruitment in the ED to the 6month follow-up assessment is also a limitation, as it may be a form of sampling bias and restricts the generalizability of the findings to individuals who come back for longitudinal assessment. Another limitation is that the current study did not fully take into account that early PTSD symptoms in the aftermath of trauma may predict the development of future avoidant coping (Gutner, Rizvi, Monson, & Resick, 2006) . Additionally, the inherent conceptual overlap between avoidant coping strategies and PTSD, particularly avoidant PTSD symptoms, may have limited our ability to uniquely measure these constructs as the current study did not remove avoidant PTSD symptoms from our analyses. However, avoidant coping strategies have been found to be distinct from PTSD and actually predict better response to exposure-based treatments in chronic PTSD (Leiner, Kearns, Jackson, Astin, & Rothbaum, 2012) . Continued efforts towards understanding specific ways in which The full mediating effect of social withdrawal at 3-months on the relationship between resilience at 1-month and PTSD symptom development at 6-months post-trauma, after controlling for demographic and clinical variables. Path a shows the significant association between the dependent variable (resilience) and the mediator (social withdrawal). Path b
shows the significant association between the mediator (social withdrawal) and the independent variable (PTSD symptoms). Path c depicts the significant association (total effect) between the dependent variable (resilience) and the independent variable (PTSD symptoms) in the absence of the mediator (social withdrawal). Path c′ shows the direct effect of the dependent variable (resilience) on the independent variable (PTSD symptoms) when the mediator (social withdrawal) is accounted for. Path ab shows the indirect effect, the amount of mediation accounted for by the mediating variable. 
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